INTRODUCTION
Increasing coastal development is contributing to eutro phication and increased sediment loads in coastal systems worldwide (Rabalais et al. 2009 ). These changes in the light, temperature and nutrient climate in coastal waters can alter the suitability of nearshore habitats for the growth and survival of several marine organisms (Occhipinti-Ambrogi & Savini 2003) . The corresponding nutrient enrichment and reduced benthic light availability can promote the dominance of invasive macroalgae in coastal systems, due to the lower light requirements of macroalgae compared to seagrasses (Abal & Dennison 1996 , Burfeind & Udy 2009 or corals (Fabricius 2005) . Therefore, it is critical to understand the biology of invasive macroalgal species and the way environmental conditions influence established populations. The present study provides a direct test of how sensitive the expansion of an ABSTRACT: Caulerpa taxifolia is a marine alga native to tropical and subtropical regions, and invasive in temperate regions worldwide. The aim of this study was to quantify the impacts of water temperature, benthic light and nutrient enrichment on horizontal expansion of C. taxifolia, in the absence of competition from other benthic flora. Field experiments were undertaken in 1 native C. taxifolia population (Moreton Bay, Australia) and 2 invasive C. taxifolia populations (Pittwater and Port River Estuary, Australia). Manipulative experiments were conducted across a range of seasons and different shading and nutrient treatments to determine the effects of water temperature, benthic light dose and nutrient enrichment on horizontal expansion (stolon extension rate). Nitrogen and phosphorus enrichment had negligible effects on stolon extension rate at all locations, suggesting that nutrient conditions at the study sites were saturating for C. taxifolia. Shading significantly reduced stolon extension in Pittwater, and season/water temperature significantly affected stolon extension in Port River Estuary; only in Moreton Bay were both shading and season/water temperature significant. When all data were pooled in a general linear model, water temperature and average daily benthic light dose (log-transformed) significantly affected stolon extension, but nutrient enrichment did not. Site, season and the interaction between water temperature and benthic light dose also improved model performance, indicating that site-specific factors which varied between seasons also affected the measured stolon extension. Overall, our results indicate that C. taxifolia growth increased with light disproportionately at higher temperatures.
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The green alga Caulerpa taxifolia is an invasive species of international significance which has colonized a substantial area of the Mediterranean Sea (Meinesz & Hesse 1991 , Meinesz et al. 2001 , southern California (Williams & Grosholz 2002) and Japan (Komatsu et al. 2003) . C. taxifolia has also colonized temperate locations in Australia, including 8 estuaries in New South Wales (Creese et al. 2004 ) and the Port River−Barker Inlet system in South Australia (Cheshire et al. 2002) . C. taxifolia was likely introduced to temperate Australia through the aquarium trade and subsequently transported to other estuaries by humans (e.g. fragments attached to boat anchors, Creese et al. 2004) . Australia is unique in that native and invasive populations of C. taxifolia occur within 600 km of each other along the east coast. In Moreton Bay, Australia, where it is native, C. taxifolia distribution is expanding (Burfeind & Udy 2009 ). In the case of Moreton Bay, seagrass has been lost due to declining water quality (increased nutrients, decreased benthic light availability), creating unvegetated areas for C. taxifolia to opportunistically colonize (N. Udy unpubl. data, Burfeind & Udy 2009) .
As with other marine algae, Caulerpa taxifolia growth and distribution is closely tied to environmental drivers (light, temperature, nutrients). C. taxifolia has been shown to flourish in marginal and nutrient-stressed communities (Chisholm et al. 1997) due to its low light requirement and ability to uptake nutrients from both the sediment and water column (Williams 1984 , Chisholm et al. 1996 . High sediment nutrient concentrations increase C. taxifolia growth and biomass (Ceccherelli & Cinelli 1997 , Burfeind & Udy 2009 ) and stimulate C. taxifolia growth in beds mixed with seagrass (Ceccherelli & Sechi 2002) . Water temperature also plays a key role in regulating seasonal changes in C. taxifolia biomass (Thibaut et al. 2004 ) and large-scale changes (loss) in distribution (Komatsu et al. 2003 , Iveša et al. 2006 .
Caulerpa taxifolia can rapidly expand and become dominant once it has been introduced. In the case of the Mediterranean (invasive), C. taxifolia was first found in a 1 m 2 patch off the coast of Monaco in 1984 and expanded to cover over 131 000 ha by 2000 (Meinesz et al. 2001) . In Moreton Bay (native), 10% of 143 sites surveyed in 1998 had C. taxifolia present, yet when the same sites were resurveyed in 2005, C. taxifolia was observed at 28% of sites (Burfeind & Udy 2009 ). Even though there has been substantial effort placed on mapping the expansion of C. taxifolia in locations where it is invasive (e.g. Meinesz et al. 2001 , Creese et al. 2004 , there have been few process or modelling studies (e.g. Hill et al. 1998 , Ruesink & Collado-Vides 2006 ) that attempt to quantify the potential expansion rate of C. taxifolia beds in response to environmental variables.
The objectives of the current study were to measure Caulerpa taxifolia expansion rates and assess the impact of environmental drivers (light, temperature and nutrients) on expansion rates in native and invasive locations. In particular, this study aimed to determine general relationships between C. taxifolia expansion rates and environmental drivers, which would be valid across different sites and regions.
MATERIALS AND METHODS
The impact of nutrient enrichment and shading on Caulerpa taxifolia stolon extension was assessed using manipulative field experiments at 3 sites around Australia. C. taxifolia is native at 1 of the sites and invasive at the other 2 sites. Experiments were conducted in 4 seasons at the site where C. taxifolia is native, and 2 seasons at each of the sites where C. taxifolia is invasive.
Study sites
One Mile Harbour, Moreton Bay, Queensland Moreton Bay is located in southeast Queensland, Australia (Fig. 1) , and contains the southernmost extent of native Caulerpa taxifolia on the east coast of Australia. C. taxifolia has been recorded in Moreton Bay since 1946 (Phillips & Price 2002) , but its extent has increased in recent years, as it has colonized unvegetated benthic habitat created by seagrass loss due to reduced water quality in the bay (Thomas 2003 , Burfeind & Udy 2009 ).
The bay is bordered on the west by the mainland and on the eastern side by 3 large islands (Moreton, North Stradbroke and South Stradbroke) creating a wedge-shaped bay. Moreton Bay is 100 km long, ranging from 31 km wide at the northernmost point to 1 km wide at the southernmost part of the bay, with a tidal range of 1 to 2 m (Abal & Dennison 1996) . Our study took place at One Mile Harbour adjacent to Dunwich on North Stradbroke Island. Mixed seagrass beds covered shallow intertidal areas to ca. 0.5 m, and subtidal areas (0.5 to 3 m depth) were covered by a monotypic stand of Caulerpa taxifolia.
Careel Bay, Pittwater Estuary, New South Wales
Pittwater Estuary is approximately 25 km north of Sydney in New South Wales (Fig. 1) . Caulerpa taxifolia was first identified in Pittwater within Careel Bay in December 2000, covering ca. 52 ha of benthic area as of (Creese et al. 2004 ).
Pittwater Estuary is shallow (average depth < 5 m) with a mean tidal range of 1.8 m. It is a branch of the Hawkesbury River; however, it receives minimal freshwater input and has a direct connection to the ocean so there is little variation in salinity (30 to 35 ppt, Bell et al. 1988) . Our study took place in Careel Bay where the intertidal zone to ca. 0.5 m is covered with Zostera muelleri (= Zostera capricornii) and areas greater than 0.5 to ca. 4 m are covered with a monotypic bed of Caulerpa taxifolia.
North Arm, Port River Estuary, South Australia
The Port River Estuary is a shallow (5 to 15 m depth) urban waterway in Adelaide, South Australia (Fig. 1) . Caulerpa taxifolia is not native to South Australia; it was discovered in the Port River in 2002 (Cheshire et al. 2002) and continues to spread through the estuary (Collings et al. 2004) . To date there are no confirmed introductions of C. taxifolia in South Australia outside the Port River Estuary.
The estuary has 2 connections to Gulf St Vincent (the Port River and Barker Inlet) and semi-diurnal tides with a maximum amplitude of 2 m (Jones et al. 1996) . It is heavily impacted through waste water discharge, industry and thermal pollution from a power plant located on Torrens Island. The power station discharges 3.9 Gl of heated effluent per day (Thomas et al. 1986 ), adjacent to the study site at the North Arm Bridge on Torrens Island. The water temperature at this site (13 to 34°C, Jones et al. 1996) can be up to 12°C higher than the temperature in Gulf St Vincent (ca. 12 to 22°C, de Silva Samarasinghe et al. 2003) . Caulerpa taxifolia has colonized the substrate from the low tide level to a depth of at least 3 m with a continuous bed of C. taxifolia and sparse patches of C. racemosa (also introduced).
Experimental design
Experiments were conducted over 12 d at 3 locations, over a range of seasons (Table 1) . While the temporal resolution of sampling was insufficient to characterize the seasonality of the measurements, for simplicity, we will refer to sampling events by their season when discussing results. The initial experimental design included sampling 4 seasons in both Moreton Bay and Pittwater; however, a bloom of filamentous algae at Pittwater in late August 2007 covered the Caulerpa taxifolia bed and reduced C. taxifolia cover at that site to less than 10%. As of March 2008, the C. taxifolia bed had not recovered; hence only 2 seasons could be sampled at that location. Logistical constraints restricted sampling at the Port River to 2 seasons; summer and winter were chosen to capture maximum potential differences in environmental conditions.
Experimental plots were haphazardly created along a transect in a continuous bed of Caulerpa taxifolia ca. 50 cm below low tide water level. Plots were created by placing a 30 cm diameter plastic ring into the sediment. All C. taxifolia for 45 cm surrounding the ring was removed by hand (as per Street 2007) and there was at least 1 m between plots. The vegetation removal created a 'bull's eye' where there was a continuous patch of C. taxifolia surrounded by unvegetated substrate (Fig. 2a) . This patch was used to represent a C. taxifolia bed that was expanding without competition from other benthic vegetation; therefore, this measure represents the maximum expected stolon extension rate for the system. Treatments were then applied to these experimental patches. Stolon extension (new growth) was measured as the sum of the length of individual stolons protruding from circle perimeter into the unvegetated area on Day 12 (SE total ), and used to calculate mean extension per stolon (SE mean ), as shown in (Fig. 2b ).
Light reduction experiment
For each benthic light reduction experiment, 6 replicate plots were created of 5 treatments: 10, 50, 80, 90 and 100% (control) of benthic light availability. We did not include a procedural control in our experimental design (i.e. metal frame with transparent material), as it is likely that any transparent material we used would have collected epiphytes and changed hydrodynamics more than the shade cloth, therefore would not have been a true control. Hence, it was not possible to simulate the hydrodynamic impact of the shade cloth without shading. Metal frame domes 75 cm in diameter and 40 cm in height covered with different thicknesses of shade cloth were used to reduce light in experimental plots (Burfeind & Udy 2009 ). Shade cloth was cleaned every 3 d.
Nutrient enrichment experiment
Nutrient enrichment experiments were conducted concurrent to the light reduction experiments (sharing a common control). Control plots were created with the same method as experimental plots and did not have a treatment added. For each experiment, 6 replicate plots of 4 treatments (randomized block design) were created: control, nitrogen addition, phosphorus addition, and nitrogen (N) + phosphorus (P) addition. Nutrients were added to sites by filling 6 plastic 10 ml tubes (with holes to allow water ex change) with nutrients and placing them into the sediment within the Caulerpa taxifolia patch. In each tube 3 g N as 46% urea (NH 2 ) 2 CO (Brunnings) and/or 1 g P as 9.1% PO 4 (Richgrow Garden Products) was added for N and P enrichment experiments. Nutrient tubes were replaced every 3 d. Udy & Dennison (1997) found that sediment nutrient enrichment has a localized effect on the location where it is applied; therefore, we are confident that there was no contamination from nutrient enrichment in adjacent plots. 
Water temperature and benthic light dose
Water temperature and benthic light dose varied both seasonally and between sites. Surface water temperature was measured using a mercury thermometer at midday. In preliminary studies, we found less than 1 degree of variation between days, therefore only a single measurement of water temperature was taken during each experiment.
The average daily benthic light dose I 2 daily (mol quanta m −2 d (1)
The half-hourly time-step was used in Eq. (1) to capture the effect on benthic light of the interaction between daily tidal and light cycles during each experiment. Eq. (1) did not account for shading due to benthic vegetation, and so was an estimate of the light available for Caulerpa taxifolia expansion on unvegetated substrate.
Water depth in Eq.
(1) was calculated from daily tidal heights at primary ports adjacent to study sites: Brisbane Bar, Sydney Harbour and Port Adelaide (Australian Hydrographic Service), corrected using offset for locations in Moreton Bay and Pittwater. Half-hourly tidal height was interpolated from high and low tide times and depths using a cubic spline. Water depth z (m) was determined over the course of each experiment by adding the low tide depth at each site to the half-hourly interpolated tidal depth.
At the Pittwater site, light attenuation for Eq. (1) was determined from light measured at the surface and at 1 m (using a Li-cor, LI-192 underwater quantum sensor) using the following equation:
Light attenuation coefficients were calculated at Moreton Bay and Port River sites from Secchi depth monitoring data, due to malfunction and flooding of light loggers deployed at those sites. Secchi depths in Moreton Bay were collected as part of the Queensland Environmental Protection Agency (EPA) Ecosystem Health Monitoring Program (EHMP 2006) . The EPA conducts monthly monitoring of water quality across Moreton Bay, and we selected a benthic study site adjacent to a monitoring location (#502).
Collection methods are detailed in the EHMP (2006) technical report. We used monitoring data from the South Australian EPA (Site 4) for light attenuation data for the Port River. K d was calculated from Secchi depth (Z SD ) using the following equation (Poole & Atkins 1929) :
Half-hourly incident light in Eq.
(1) was determined from maximum daily light assuming light varied between sunset and sunrise according to a sine-cubed function, where maximum daily incident light was determined from the total daily light dose by multiplying by π, and dividing by the photoperiod (i.e. difference between sunrise and sunset) as per Chapra (1997 quanta (see Grinham 2007) .
Analysis
All statistical analyses were conducted in R. ANOVA analysis was conducted at each site for both nutrient enrichment and shading experiments (α = 0.05). Tukey's post hoc test (α = 0.05) was used for pairwise comparison of means (Day & Quinn 1989) where significant differences where indicated by ANOVA. Analyses were undertaken for both SE total and SE mean . Visual assessment of model residuals found that assumptions of normality and homogeneity of variance were not met for SE mean (even under log transformation) and therefore it was not used as the model response. However total stolon extension did satisfy these conditions when transformed as log(SE total +1). Hence total stolon extension was used as the response in all analyses.
All predictors were continuous except for Site, Season, N enrichment and P enrichment, which were treated as categorical variables. Investigation of the shape of response identified non-linear responses for benthic light dose, which was modelled as log(I 2 daily ). ∫ Deviation of water temperature from 20°C was used as a predictor variable in all analyses, because temperature deviation can be expressed in units of either Celsius or Kelvin. This format is common in hydrobiological modelling and has no effect on the analysis. Differences in SE total in the nutrient enrichment experiments were compared at each site with a 3-way ANOVA with sampling event (Season), N enrichment and P enrichment as categorical variables. Two-way ANOVAs were conducted for the shading experiments at each site, with sampling event (Season) as a categorical factor and shading treatment (Treatment) as a continuous factor. The same analysis was then repeated with water temperature (Temperature) and log(I 2 daily ) as continuous factors.
Data were then pooled across all sites and analyzed using a general linear modelling approach to determine whether stolon extension was affected by a suite of environmental variables, including site, season, benthic light dose, water temperature and nutrient enrichment. The significance of predictors was assessed using backwards elimination of terms based on Akaike's information criterion (AIC).
RESULTS
N enrichment did not significantly affect total stolon extension SE total at any of the sites, either alone or interacting with P enrichment (Table 2, Fig. 3) . P enrichment had a significant affect only at Port River (Table 2) ; however, the effect was so small as to be considered negligible (0.07 to 0.7 cm increase in SE total due to P enrichment compared to 31 to 51 cm difference between summer and winter). Season had a significant but small effect on stolon extension in Moreton Bay: compared to the fall season, total stolon extension was 0.3 to 2 cm higher in summer/spring and 1 to 4 cm lower in winter. Season nor N/P enrichment significantly affected stolon extension at Pittwater, where the field experiments captured only a minimum seasonal range. When the data from all nutrient enrichment experiments and controls were pooled across all sites, neither N, P or interaction between N and P significantly improved model performance as indicated by AIC. Shading had a significant effect on Caulerpa taxifolia expansion, but this affect varied between sites and season. Season, shading treatment and the interaction between these factors all had a highly significant effect on stolon extension in Moreton Bay (Table 3 , Fig. 4 ). In Pittwater, where seasonal variation was lowest, shading significantly reduced total stolon extension, but Season did not have a significant effect. In Port River Estuary, Season significantly affected total stolon extension but shading did not. These effects could be largely described by water temperature and benthic light dose; when the ANOVAs were rerun using water temperature instead of Season and log(I 2 daily ) instead of Treatment, Temperature and light were significant at Port River but with no interactions, benthic light alone was significant at Pittwater, and both factors and their interactions were significant at Moreton Bay (Tables 3 & 4) .
Site, season, water temperature, log(I 2 daily ) and the interaction between light and water temperature were all found to significantly affect stolon extension when data from the shading treatments and controls were analyzed across all sites and seasons. The general linear model including all of these factors as explanatory variables and fitted to data from all shading experiments and controls, pooled across all sites, explained 76% of the observed variation (Tables 5 & 6 ).
The relative importance of individual variables in assessing model performance was assessed by backwards elimination: each variable in turn was eliminated from the model and performance was assessed using AIC. A smaller value of AIC indicates better model performance. Removing any 1 of the 4 variables or the light−temperature interaction reduced model performance, indicating that including all of these variables produced the best fit to the measured stolon extension (Table 5) .
This indicates that there were processes affecting the rate of Caulerpa taxifolia expansion which were specific to different sites and seasons, and (Table 5) . While incorporating Site and Season improved the model performance, removing both of these factors had a similar effect on model performance to removing water temperature (Table 5 ). This provides strong evidence that C. taxifolia expansion in these experiments was driven by benthic light dose and water temperature, with only minor site-and season-specific effects. On this basis, the experimental data can be used to generate a general model for the impact of light and temperature on C. taxifolia expansion. Removing the factors Site and Season from the general linear model yields the following equation, after transformation:
where SE total is the total stolon extension (cm) measured over the 12 d experiments under benthic light dose (I 2 daily ), water temperature T (°C), and A = 1.12 (SE ± 0.157), B = 0.33 (SE ± 0.06), C = 0.068 (SE ± 0.011). Water temperature was only significant in the interaction with daily benthic light dose. This is because water temperature was the same for each of the 5 light treatments in the 8 sampling events. Benthic light dose and water temperature account for most of the variation in the data (Table 5) , and the standard error in each coefficient is less than 20%. Hence, while Eq. (4) does not include all site-and season-specific effects, it provides a useful tool for visualizing the overall impact of benthic light and water temperature on horizontal expansion of Caulerpa taxifolia. Re-arrangement of Eq. (4) en ables calculation of the minimum benthic light dose required for total stolon extension over 12 d to exceed a threshold value SE c in water temperature T:
Caulerpa taxifolia can be limited by either water temperature or benthic light dose (Fig. 5) . Each line in Fig. 5 corresponds to the minimum water temperature and light conditions required for stolon ex tension rate over 12 d to exceed the specified value, SE c . Stolon extension rate would be expected to be higher than the specified SE c for temperature−light conditions above the line and lower than SE c below the line generated by Eq. (5). The temperature andlight conditions associated with stolon extension rates measured in the control treatments are plotted on Fig. 5 for comparison with the model predictions.
As predicted by Eqs. (4) Fig. 5 ), and increased as light availability and water temperature increased towards the top right corner. Fig. 5 enables the total stolon extension measured over 12 d in the control treatments to be compared with SE total predicted from Eq. (5) based on the water temperature and benthic light dose. There was fair agreement between predicted temperature−light thresholds and measured data. Mean SE total for 5 of the 8 control treatments fell in the light−temperature region predicted from Eq. (5). Of the 3 control treatments which did not meet this criteria, each occurred under lower light−temperature conditions than predicted by Eq. (5), but close to the predicted region.
DISCUSSION
In this study, the horizontal expansion of Caulerpa taxifolia into unvegetated sediment was controlled by benthic light availability, water temperature and undetermined site-and season-specific factors, but negligibly affected by nutrient enrichment. This is demonstrated clearly in Fig 5: while there is some variation between sites and seasons, C. taxifolia stolon extension increases moving from the bottom left corner towards the top right, i.e. with increasing water temperature and benthic light dose. It is difficult to decouple the effects of benthic light and water temperature on C. taxifolia stolon extension rate, for a number of reasons. Water temperature and benthic light co-vary with seasonal changes in incident radiation. However benthic light dose is also affected by water clarity, which will vary with seasonal wind patterns, turbidity pulses and changes in chlorophyll concentrations. For example, the lowest benthic light doses during field experiments occurred in Moreton Bay in summer, under very high incident light, and in Port River Estuary in winter, under much lower incident light. Hence the site-and season-specific factors identified in the statistical model as affecting C. taxifolia stolon extension may be related to seasonal changes in water clarity which differ between site, and affect the interaction between the annual cycles of benthic light dose and water temperature. Other site-specific factors such as grazing, epiphytic coverage and other factors were not measured in the experiments, but may have affected stolon extension rate.
Benthic light and water temperature accounted for 69% of the variation in the measured stolon extension (Eq. 4). Application of a general linear model based on the field measurements model (Eq. 5) enables these experimental measurements to be generalized and so provide insight into how key variables control horizontal expansion of Caulerpa taxifolia. For example, Eqs. (4) & (5) indicate that the benthic light dose required for a critical stolon extension will be strongly affected by water temperature. This explains why shading did not reduce stolon extension in the Port River Estuary; under the warm, high light conditions of summer (Table 1) , the C. taxifolia had enough light to expand even under 90% shading. In winter, C. taxifolia expansion was limited by the water temperature (15°C); hence shading was not significant. In contrast, shading significantly reduced stolon extension in Pittwater, where temperature was 19 to 22°C during the experiments and . Measured values of SE total for control treatments are plotted at the water temperature and average daily benthic light dose under which they were measured. There was a strong correspondence between water temperature and benthic light dose during the field experiments, mediated by site-and season-specific factors light levels were moderate. In particular, our results suggest that C. taxifolia light requirements increase as temperature decreases, which is probably due to increasing photosynthesis rates with temperature up to an optimum temperature, beyond which photysnthesis declines (as shown by Blanchard & Montagna 1992 for benthic micro algae). This result has broader implications as increases in water temperature (e.g. through thermal pollution or climate change) are likely to reduce C. taxifolia light requirements, and hence increase horizontal expansion rates in optically clear waters and the ability of C. taxifolia to spread into optically deep areas. The validity of the statistical model developed here depends on the assumption that there are no changes in the correlative structure between explanatory variables (both those investigated and those not investigated), as per Scheffer & Beets (1994) . Hence the model may not be valid outside the temperature and light conditions under which it was developed, at other study sites, or even at these study sites under different biological or environmental conditions. For example, because maximum water temperature in this study was 29°C, less than the temperature at which temperature begins to negatively affect photosynthesis in microalgae, negative effects of temperature on Caulerpa taxifolia were not captured in either the experimental results or the model. Uncertainty in values for I 2 daily due to the extrapolation of meteorological, water quality and tidal information measured over different timescales will also affect model performance. Despite these limitations, the model is a useful tool to interpolate the results within the range of light and temperature conditions captured in these experiments.
Lack of response to nutrient enrichment suggests that nutrients were not limiting Caulerpa taxifolia growth during any of our experiments. In Moreton Bay locations with large monotypic stands of C. taxifolia are typically in areas of degraded water quality with marginal seagrass communities (Thomas 2003 , Burfeind & Udy 2009 ). Furthermore, locations where C. taxifolia has been introduced are typically highly impacted areas (Chisholm et al. 1997 , Fernex et al. 2001 ) already under environmental stress from a variety of factors including decreased water quality. Therefore, the poor environmental conditions that promote the loss of seagrass generate available space that is suitable for C. taxifolia to colonize, despite the high nutrient and low benthic light conditions (Burfeind & Udy 2009). Additionally, thermal effluent from the Torrens Island Power Station substantially warmed the water in the Port River Estuary from 12°C (de Silva Samarasinghe et al. 2003) to 15°C during this study. C. taxifolia can survive, but not grow, in water temperatures between 10 and 12°C and does not grow until the water temperature is at least 15°C (Komatsu et al. 1997) . Therefore, maintaining a water temperature at or above 15°C is likely to assist the persistence and spread of C. taxifolia in the Port River Estuary.
The results of the present study demonstrate the importance of measuring information across a wide range of environmental conditions, using quantitative variables which enable information measured across sites and seasons to be integrated in a single models. While site-specific ANOVAs indicated that shading only significantly affected the native population (Moreton Bay), the average daily light dose was found to be the most important predictor for total stolon extension when data were pooled across all sites. Overall, the effect of nutrient enrichment, benthic light and seasonal variation in water temperature on stolon extension rate were consistent between native (Moreton Bay) and invasive (Pittwater and Port River Estuary) locations. This is the first study to have in situ measurements of Caulerpa taxifolia growth (stolon extension rate) in native (20 to 29°C) and invasive (15 to 26°C) locations. These experiments measured C. taxifolia growth across its full range of thermal tolerance as determined in laboratory studies (Komatsu et al. 1997 , Chisholm et al. 2000 . While there is high variability inherent in stolon extension measurement, our data indicate that native and invasive populations have a similar growth relationship with water temperature (Fig. 5) .
Caulerpa taxifolia can grow across a broad range of light and nutrient climates, from clear oligotrophic reef systems (Phillips & Price 2002) to very turbid and highly nutrient-enriched coastal environments (e.g. Port River Estuary, south-western Moreton Bay). Given this wide range of environmental tolerance, it is likely that once C. taxifolia is established within a system it will survive, with its ability to spread across unvegetated areas controlled primarily by the interaction between water temperature and benthic light availability and secondarily by other environmental factors (e.g. nutrient availability). 
